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ABSTRACT: 

PURPOSE: To obtain an apparatus used for new biological and biochemical analyses enabling the 
simultaneous treatment of a trace amount of a sample under various reactional conditions, e.g. a 
microchamber apparatus for carrying out the biological polymeric reaction represented by a DNA or a 
protein and a method for its utilization and production. 

CONSTITUTION: The biochemical reactor has many arranged chambers having ^1.2mmx 1.2mm 
opening area or ^1 .4mm depth and a temperature controlling function enabling the independent control 
in each chamber. Many holes are formed in a silicon wafer according to a semiconductor process and 
semiconductor Peltier elements (101 to 105) are formed in the interior thereof. The temperature can 
independently be controlled by controlling the applied voltage for each chamber. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to its usage, biological, the equipment with which a biochemical analysis is 
presented, for example, the micro multi chamber which performs the living body quantity molecular reaction represented by DNA 
and protein, and, and the manufacture method. 
[0002] 

[Description of the Prior Art] As a micro multi chamber which treats many biochemical samples simultaneously, there is a 
microwell test plate containing the so-called microtiter plate of 12 line x8 train, and peripheral devices, such as a handling device 
which made specification the same, and an incubator, a centrifuge, are also put in practical use by this. As a microfiltration tray 
designed so that it might have a demarcation membrane and a functional film as a reactor on a microwell test plate, it is 
provisional publication of a patent. There are some which offer the equipment of throwing away aiming at immunological 
investigation, a micro chromatograph, etc. so that common [ 2-1871 10 ] may see. 

[0003] However, it is thought that the microtiter plate put in practical use now cannot but be the container which only holds a 
sample, and it is very difficult to control a reaction condition independently for every well also about a microfiltration tray, and it 
is impossible to perform especially temperature control independently. 

[0004] Capacity is the chamber of the size of lOmicro order which is 1-lml, and the microtiter plate marketed now is not suitable 
for performing temperature control at dealing with the sample of the charge of microscopic, or high speed further again. 
[0005] On the other hand, as a micro chamber treating the sample of a ultralow volume, particle processor and cell processor" is 
in "the equipment and the method" for sorting out a cell of JP,2-34597,B, "micro chamber plate of the publication number 
- 1 3 1 569 [ No. ], and the particle distinguishing method row. Although the method about impressing voltage to each chamber 
independently etc. and equipment are offered by the electrode which these offered the micro chamber treating the size of a cell 
piece, and was incorporated according to the semiconductor process, it is thought that it cannot be called an optimum for 
performing the living body quantity molecular reaction represented by DNA and protein for the purpose of both mainly dealing 
with a cell. 
[0006] 

[Problem(s) to be Solved by the Invention] The main things of a biochemical reaction are separation, refining, churning mixture, 
and incubation (reaction temperature maintenance), and if these can be simultaneously processed to 103-104 order, it will be 
thought that the throughput of the present biochemical work improves by leaps and bounds. For example, although various genes 
related to the present canceration and the variation part of those are being identified and the number has also amounted to 
hundreds of kinds, if these parts can be inspected and detected simultaneously, the precision and the throughput of a diagnosis will 
improve greatly. Moreover, in a gene analysis, when performing screening of the gene library exceeding 10000 clones etc., it is 
desirable to have located in a line at least 1000 or more chambers on one plate. On the other hand, when investigating part 
specific manifestation mechanisms, such as a medical diagnosis and a tumor cell, when it thinks from the point of the amount of 
the sample sample which can be prepared, while it is a large number, it is necessary to deal with the sample of a minute amount. 
[0007] Moreover, inn invented in recent years The nucleic-acid amplification reaction (PCR method) in VITORO (In vitro) 
makes possible the various new diagnostic technique and the experiment technique by the temperature control of reaction 
mixture, consequently is an inn in the research work of biochemistry. The range which can be performed by VITORO has been 
carrying out remarkable expansion. In this case, the uniform and high-speed temperature-control technology of the whole reaction 
mixture becomes important. 

[0008] Therefore, the purpose of this invention offers the equipment to which the reaction sample of a minute amount may be 
made to react by sufficient concentration first. Moreover, it is in offering the equipment which enabled it to perform the 
temperature control of reaction mixture more quickly and uniformly. 

[0009] Furthermore, other purposes of this invention offer an example of offering the equipment which makes it possible to make 
it possible to deal with many biochemical samples simultaneously, and to set up a reaction condition independently about each 
sample if needed, and the new protocol which becomes possible with this equipment in addition by using the chamber itself as an 
active reactor. 

[0010] Moreover, in order to prevent the mixed contamination (contamination) which has sometimes fatal influence, as for the 
reactor of biochemistry, it is desirable that it is possible (disposable type) in throwing away. Then, it is also the purpose of this 
invention to make mass production method possible and to offer a disposable type reactor. 
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[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, each chamber is minutely turned below into the 
capacity 1 of 0.5micro, and it enabled it to deal with a slight quantity of reaction mixture efficiently. 

[001 2] Moreover, the heater and condensator which are formed of the Pelletier element for every chamber are formed, and it 
enabled it to perform the temperature control of reaction mixture by contacting direct-reaction liquid to the heater and 
condensator, 

[001 3] In addition, mass production method was made possible by using a semiconductor process for processing of a chamber. 
[0014] 

[Function] By turning a chamber minutely and enabling it to treat a slight quantity of reaction mixture, it becomes possible to 
make the reaction sample of a minute amount react by sufficient concentration. For example, if it is made to react in the reaction 
mixture of 0.5microl, in order to perform the case of the reaction mixture of lOOmicrol, and the reaction of this concentration, if it 
says conversely, concentration will become [ the sample of 1/200 of amounts ] that what is necessary is just to be 200 times by the 
same quantity of the sample. This will lessen not only minute- amount-izing of a reaction start sample but the amount used, such as 
an enzyme, and is considered to lead also to low-cost-ization. 

[0015] Moreover, it becomes possible by attaching a heater and a condensator for every chamber in addition to 
minute-amount-izing of reaction mixture, and contacting direct-reaction liquid to the heater and condensator to carry out the 
temperature control of the reaction mixture independently for every reaction chamber, and to perform the temperature control 
quickly. A temperature control (element also with same heating and cooling) becomes independently possible by forming the 
semiconductor Pelletier element which consists of PNPN-- to a field with a front face, wiring independently of each pel TIE, and 
controlling addition voltage by using a chamber base material as silicon, after digging the hole of the suitable volume which 
serves as a chamber by anisotropic etching. Moreover, after processing in all chambers is completed, it is also possible by 
oxidizing the circumference of a chamber to make a chamber into the structure surrounded by the low Si02 of thermal 
conductivity. 

[00 1 6] Thus, in the made chamber, the endothermic of the Pelletier element and 0. 1 5 W /of limitations of calorific value are 
estimated about [0.1 8W //mm ] at two mm at the time of 2 and generation of heat at the time of an endothermic. In this condition, 
if speed of the temperature change for controlling a start and end of an enzyme reaction with a sufficient precision is carried out to 
more than delta25 degrees C /, and sec, the depth needs to be 1 .4mm or less at the maximum. 

[0017] On the other hand, judging from the size of the silicon wafer which is easy to go into a miniaturization and hand of 
equipment, and the ease of processing or handling, it is thought that the area which gives chamber processing has the good square 
configuration array of the size not more than 80mmx80mm. Like point **, when using for future gene diagnosis and a future gene 
analysis, it is desirable to have located at least 1000 chambers in a line on one wafer. In this case, in order to arrange 1000 
chambers in the pitch same 80mmx80mm in the shape of a square as one side of a chamber, it is needed that one side of a 
chamber is 1 .2mm or less. 

[0018] By the way, when processing a silicon wafer by anisotropic etching and an opening configuration is made into a square, 
the angle which a hole configuration becomes square drill-like and the base and side make is about 50 degrees. In this 
configuration, if it is referred to as 420 micrometers to which a man ootid (diameter of about 200 micrometers) can treat the depth 
and opening is made into a 1 .2mmxl .2mm square, the base which forms the Pelletier element will serve as the shape of a 
0.6rnmx0.6mm square. Thus, in the made chamber, although the endothermic and calorific value of the Pelletier element are 
estimated at about 0.06W at the time of 0.05 W and generation of heat at the time of an endothermic, in the case of the above 
opening 1 .2mmxl .2mm and 0.42mm depth, volume is set to a maximum of 0.35microl, and satisfies delta25 degree C/sec. 
However, since solution temperature was adjusted by equipping a thermostat with the reaction tube into which reaction mixture 
was put, although the thermal resistance of a tube, the heat contact between a tube and a heater, etc. had become a problem, if 
heating or the condensator is in contact with direct-reaction liquid like this invention, effective temperature control is possible for 
the conventional thermoregulator. 

[001 9] Also in the point of mixed churning, if reaction mixture is a minute amount, the effect of diffusion will become large. 
Since the speed of diffusion is in volume and proportionality about, in the reaction mixture of 0.5microl, it is thought that random 
mixture progresses by one 200 times the speed of this compared with the case of 200microl. The diffusion effect can also be 
promoted by adding very small vibration of a RF to the whole chamber. What is necessary is just to take the method of building 
vibrator or a rotator by three-dimensions micro processing in a chamber, when it cannot be said that just this is enough. For 
example, although the equipment which vibrates a silicon thin film by sagging the silicon board made thin by the electrostatic 
force, and controlling the electrostatic force is also realized, it is possible to use this structure. Moreover, it is also possible to put 
in order and make many electrostatic motors on a silicon wafer. 

[0020] It is possible by building these heating and a cooling element, and a churning element for every chamber according to a 
semiconductor process to offer the micro chamber equipment with which many reactors were arranged on the flat surface. And 
since it is easy to process many micro chambers simultaneously according to the semiconductor process, it also becomes possible 
to make equipment itself disposable. 

[002 1 ] By using such equipment, the new experiment technique which made reaction temperature and reaction time the 
parameter becomes possible. For example, in performing the PCR method, three kinds of temperature, denaturation temperature, 
reassociation temperature, and extension temperature, and the holding times determine the efficiency (depending on the case, it is 
the existence of a generation product) of a reaction. If this equipment which controls setting temperature by minute 
amount-ization of reaction mixture with a sufficient precision, and an independent temperature control can perform for every 
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reaction mixture is used, it is possible to react simultaneously at different setting temperature to the same reaction mixture, and to 
acquire the product in the optimal experiment conditions quickly. Moreover, it does not come out so much and it also becomes 
possible using the point mutation under DNA array etc. influencing the optimal reassociation temperature sensitively to perform 
gene diagnosis etc. to accuracy efficiently more. In addition, it is also possible by controlling the extension time by DNA 
polymerase with sufficient resolution by this equipment to raise the singularity of a resultant. 
[0022] 

[Example] Hereafter, drawing 1 - drawing 4 explain one example of this invention. Drawing 1 , the biochemical-reaction 
equipment with which 2 used the micro chamber of this invention, and drawing 3 are automatic sample preparation equipment 
which incorporated the above-mentioned equipment as an element. Moreover, in drawing 1 - drawing 4 , the number of an 
intersection presupposed that it is the same. 

[0023] In drawing 1 , the base material of equipment is silicon, and after digging the hole of the suitable volume which serves as a 
chamber by anisotropic etching, the semiconductor Pelletier element which consists of 101-105 is formed in the base. The P type 
which formed 101 and 102 by the diffusion method (semiconductor process) and an N-type semiconductor, and 103 are lead wire 
and the degree contact of constant temperature with 104 [ common / a heater and a cooling plate (** tone plate), and 105 / to all 
wells ]. The temperature of the ** tone plate shown in 104 is independently controllable for every well by controlling the degree 
contact 105 of constant temperature to suitable temperature, and applying voltage required for the ends of lead wire 103. 
Moreover, if voltage is not applied to lead wire but the potential difference of ends is measured, it is also possible to use this 
Pelletier element as a thermocouple for thermometry. It is also possible to form separately a part for a temperature control part 
104 and the thermocouple portion 201 at the time of well processing, as shown in drawing 2 depending on the case. In this 
example, a base is set [ the size of a well ] to 0.6mm by 0.6mm from the property of a depth of 0.42mm, and the silicon crystal 
face by opening by 1 .2mm by 1 .2mm, and the capacity of a well is set to a maximum of 0.35microl. 
[0024] Although the copper electrode of the Pelletier element is used as it is as a **** plate 104, when the influence to the 
reaction mixture of a copper electrode is important, it is coped with by covering this electrode top by the ceramic aluminum plate, 
the thermally conductive good polymer, etc. 

[0025] Moreover, the circumference of a well serves as Si02 which oxidized, and the effect of heat insulation becomes large 
compared with the silicon of a base material 

[0026] Drawing 3 is the bird's-eye view of the automatic sample preparation equipment incorporating the chamber plate shown in 
drawing 1 . The reactor 100 using the micro chamber plate is fixed to a base 301 . The base 301 consists of thermoregulators for 
the temperature control of the socket of the electrode of a chamber plate, and the degree contact of constant temperature. In order 
to heighten the effect of diffusion in a well, it can also be made structure to which vibration of a RF is given by the chamber plate. 
[0027] 302 is an X-Y stage which conveys the cover 304 of a pipeter 303 and a micro chamber plate. It is possible for a pipeter 
303 to have a pipet using the micro capillary which can pour the sub microliter distributively, and to pour the reagent and sample 
of a ultralow volume distributively with a sufficient precision. This pipeter supplies reaction mixture in a well, going back and 
forth between the solution preservation container 305 and reactors 100. There is also a method of using not a pipet but the mere 
needle points, such as a capillary, in supply of the reagent of a super-ultralow volume. That is, the reagent which has wet the front 
face of the needle point dipped in the reagent without a part for a centrum is diffused in reaction mixture by contacting the needle 
point to reaction mixture. Sample supply of a super-ultralow volume is attained by controlling the concentration and the wetted 
area of a reagent. 

[0028] A cover 304 processes a shallow slot into the same position array as a micro chamber, and forms the Pelletier element in 
the upper surface. Except the time of distributive pouring, this cover 304 is pushed so that a slot may be so much in agreement 
with a well ( drawing 4 ), and it is controlled by temperature higher slightly (2-3 degrees C) than the reaction mixture of each 
well. It is possible to prevent evaporation of the microreaction liquid in a well by this. 

[0029] It is thought that this automatic sample preparation equipment can constitute the biochemical-reaction equipment of small 
extensive processing very much separative elements, such as an isolation film, and by combining with the reagent supply element 
of varieties etc. further. Moreover, it thinks [ that the chamber plate which contains a churning element and a separative element 
in a well is also realizable with progress of future three-dimensions ultra-fine processing technology, and ]. 
[0030] In this specification, although the micro chamber plate which mainly has the capacity below lmicrol has been described, it 
is the range which is the critical item of this invention and in which this invention also contains the reactor which the size of a 
chamber does not receive a limit and built the above reaction elements into the so-called microtiter plate of 1 2 line x8 train about 
the reactor with which each chamber has the controllable temperature control function in which it became independent, and 
churning and isolation. 
[0031] 

[Effect of the Invention] According to this invention, it becomes possible to process the sample of a ultralow volume 
simultaneously by various reaction conditions. By this, optimization of a biochemical reaction which makes the sample of the 
ultralow volume which was not able to be treated conventionally a start sample, and high throughput-ization are realized, and it 
can contribute to development of the field of a gene analysis or gene diagnosis. 

[0032] Moreover, combination with a peripheral device realizes the miniaturization of a biochemical-reaction automatic gear. 



[Translation done.] 



